Background: Vitamin D plays an important role in diverse physiological functions in addition to its role in bone health. Vitamin D deficiency is very common in elderly people, but there are few reports on its prevalence in young adults.
Introduction
Vitamin D is a fat-soluble vitamin and hormone precursor that is present in two forms, ergocalciferol (vitamin D2) and cholecalciferol (vitamin D3). It plays an important role in bone health and neuromuscular functions. (1) The major source of vitamin D is from cutaneous synthesis by exposure to sunlight`s ultraviolet B. (2, 3) Another source is through the diet, including foods such as seafood, shrimp, mushroom, egg yolk and fortified milk. (4) Vitamin D deficiency leads to secondary hyperparathyroidism due to low serum calcium. This condition can result in high bone turnover, increased bone resorption and the development of osteopenia, leading to rickets in children and both osteomalacia and osteoporosis in adults. (5) (6) (7) (8) Vitamin D deficiency is considered a major public health problem in many countries. Hypovitaminosis D was reported in numerous studies in Europe (UK, France, Italy, and Ireland) and in American populations, and it was often accompanied by elevated PTH levels. (9) (10) (11) (12) (13) Despite a year-long abundant sunlight in several countries in the Middle East and Asia, vitamin D deficiency is very common among different populations in different age groups. It was reported in Saudi Arabia, Jordan, Morocco, Lebanon, China, and Thailand as well as the Indian subcontinent region. (12, (14) (15) (16) (17) (18) (19) (20) (21) (22) Avoidance of sunlight and poor dietary intake are probably the main risk factors for vitamin D deficiency. To our knowledge, there is a lack of recent studies addressing vitamin D status among young Saudi females in the Riyadh region in Saudi Arabia, we undertook this study to assess vitamin D status and secondary hyperparathyroidism among young healthy females visiting primary health care clinics in the Riyadh area of Saudi Arabia.
Subjects and Methods
This is a cross-sectional study. Data and blood samples collection took place over a 4-month period between January 1 st , 2011 and April 30 th , 2011. The study was approved by the research and ethical committee of King Abdullah International Medical Research Center. Sample size was guided by previous study in Saudi Arabia (Al-Khobar), it was estimated to be 369 plus 131 = 500 participants might be needed for the study with CI of 95% and desired precision of ± 5%. Adjusting sample size for response rate, problems of patient compliance with lab test and errors in data collection. In total, 465 young adult Saudi females aged 19 to 40 years old were selected from family medicine and primary care clinics at King Fahad National Guard Hospital (King Abdulaziz Medical City) in Riyadh, Saudi Arabia. Exclusion criteria included chronic diseases or other health conditions that may affect the vitamin D level in blood (parathyroid gland disease, liver diseases, renal diseases, epilepsy, cancer, inflammatory bowel disease, malabsorption, celiac disease, gastric bypass, bowel surgery, pregnancy or lactation), use of vitamin D supplements or any medication that can affect vitamin D level (anticonvulsants, osteoporosis drug therapy, chemotherapy, antituberculosis drugs) and inability to provide informed consent. All patients who visited primary health care and employee health clinic were invited by the head nurse or by their general practitioner to participate in the study. Subjects' medical records were first reviewed by the attending physician to confirm their eligibility. Each eligible patient received an invitation letter that contained brief information about vitamin D, its importance, common health consequences of vitamin D deficiency and detailed study explanation. Subsequently, informed written consent was obtained from candidates before undertaking the interview to complete the study questionnaire. Data from participants were obtained through an interviewer-administered questionnaire that included socio-demographic information such as age, marital status, educational level, occupation and information about dietary intake and sun exposure habits. BMI data were collected from all participants. Blood samples were collected from participants to assess serum 25- (20) Vitamin D deficiency has become a global public health problem. Several studies have drawn attention to the prevalence of vitamin D deficiency worldwide. Most of these studies focused on elderly people, with few reports on the prevalence of vitamin D deficiency in young adults. The most recent statistics demonstrated that more than 90% of non-white and approximately 75% of white population groups in the United States now suffer from vitamin D insufficiency (25-hydroxyvitamin D < 30 ng/ml). (25) In Europe, the prevalence of vitamin D deficiency varies. It is highly prevalent in the UK, where 25(OH) D < 75 nmol /L were found in 87% of participants in winter and in 60% of participants in summer. (26) Some European countries showed moderate risk of deficiency, where 25(OH) D< 20 ng/ml) was found in 51% in Ireland, 50% in Germany and approximately 40% in Spain. (13, 26) In France, suboptimal vitamin D levels are rare and are reported as 14% among healthy adult individuals. (10) Despite the abundant sunshine in the Middle East and Asia, some countries in these regions report the highest rate worldwide of hypovitaminosis D. In Thailand, the prevalence was determined as 77% of premenopausal females, and the prevalence reached up to 90% in India. (21, 27) In Qatar, 97% of all health care professionals were vitamin D deficient (mean level of 25(OH) D<75 nmol /L). (28) A similar rate was noted in a cross-sectional study of Jordanian women of childbearing age, where 97% had serum vitamin D levels <50 nmol/L. (29) In Morocco, 91% of healthy adult females aged 24 to 77 years had serum 25(OH) D<75 nmol /L, and approximately 72% of adult Lebanese had serum level of vitamin D <12 ng/ml. (18, 19) A study from Tunisia reported a low prevalence of vitamin D deficiency in 47% of participants. (30) Such differences in the prevalence of vitamin D deficiency worldwide might be related to different populations studied or different cutoff levels of serum 25(OH) D that were used. Other factors that may drive these differences include inadequate vitamin D fortification in dietary products (milk, cereal, and drinks such as orange juice), difference in clothing style, latitude and seasonal variations where vitamin D levels are highest in September at the end of summer and lowest in winter. (13, 31) Our study aimed to determine the prevalence of vitamin D deficiency and secondary hyperparathyrodism among young adult females at the age of peak bone mass At the national level, our study reported the highest prevalence rate of suboptimal vitamin D3 levels compared to reported data in other areas of Saudi Arabia. In Jeddah, a recent survey of 1,172 randomly selected healthy Saudi women showed that 80% of them exhibited vitamin D deficiency (serum 25(OH)D< 50 nmol /L). (32) Another study that was conducted in the Eastern region of Saudi Arabia reported a lower prevalence and showed that only 30% of young females aged 25 to 35 years were vitamin D deficient.
(33) The widespread hypovitaminosis D in the Riyadh area could be explained by many factors, including limitations of the study sample and the very hot and dry weather of the Riyadh area, which may restrict outdoor activities during the daytime. Most females intentionally avoid sun exposure for cosmetic purposes, which may contribute to the findings of the study. The Riyadh region is remotely located from the seacoast compared to the Eastern and Western regions of the Kingdom, which may drive the population dietary habits to depend mainly on cattle and poultry meat rather than sea food, which is known as a good source of vitamin D.
The influence of socio-demographic characteristics on serum 25-OHD concentration has been observed in our study. Younger women (<29 years) have more vitamin D deficiency than older women (P ≤ 0.00); however, in contrast, other studies showed that vitamin D level decreases as age increases. (26, 33) Educational levels and employment status had a large impact on vitamin D level in our study, where hypovitaminosis D was more common among highly educated and working females (P value= 0,014 and 0,000, respectively). This finding could be explained by the fact that most highly educated females are employed. Most of this population is employed indoors with less sun exposure, compared to housewives who have more free time for sun exposure. The diet for those in the workplace comprises mainly fast food, which lacks many important vitamins and minerals. In contrast, a study in Tunisia reported that vitamin D deficiency is common among housewives. (30) Although Saudi Arabia enjoys a sunny climate throughout the year, direct exposure to sunlight by the local population is limited due to high daytime temperature, as observed in our study. The duration of sunlight exposure necessary to maintain adequate stores of vitamin D has always been a controversial issue, but recently, it was recommended to be 10-15 minutes of mid-day sun (10:00 am-3:00 pm) and approximately 1 minimal erythemal dose (MED). MED refers to the amount of sun exposure that produces a faint redness in the skin of an adult with light pigmentation and is comparable to taking 10,000-20,000 IU of vitamin D3 orally if the whole body is exposed. Based on this, exposure of hands, face and arms (approximately 15% of the body surface area and approximately 1/3 MED) should produce approximately 1000 IU of vitamin D3. Individuals with darker pigmentation would require 5-10 times more exposure to generate a similar amount of vitamin D. (34, 35) In our study, we did not find any significant relationship between vitamin D concentration and duration and time of sun exposure. However, by using multiple linear regression analysis, we found that times of sun exposure per week is one of the predictor variables that are statistically correlated with serum 25(OH)D concentration (P-value = 0.057) (R= 0.369).
Secondary hyperparathyroidism is a wellknown complication of vitamin D deficiency. Many studies found that there was an inverse relationship between vitamin D level in serum and parathyroid hormone level, which can precipitate cortical bone loss and increase bone turnover. (28, (36) (37) (38) Similarly, our study found that secondary hyperparathyroidism (PTH > 7.2 pmol/L) was present in 56.8% of participants who had hypovitaminosis D with a mean level of 10.73 pmol/L. The inverse association between serum 25(OH) D and intact PTH was more evident in 61.4% of participants with severe vitamin D deficiency compared to 39.2% of participants with vitamin D insufficiency ( P-value ≤ 0.001 OR= 0.405). Levels of serum calcium, phosphorous and alkaline phosphate normally reflect bone turnover, and they are usually abnormal in severe osteomalacia. Despite low vitamin D levels among the participants, our study showed that serum calcium, phosphorous and alkaline phosphate levels were within the normal range in approximately 97% of participants. This finding might be attributed to compensatory high parathyroid hormone levels. The finding of normal serum biochemical parameters in most cases is interesting and at the same time alarming, as many osteomalacia and osteoporosis cases could be missed if serum 25-(OH) D were not measured.
We recognize some limitations to our study. Although the sample size was appropriate, it was relatively small, and it was not populationbased. Therefore, the findings might not reflect the actual prevalence of vitamin D deficiency in the general population as a whole, but it could be significant. The blood samples were collected only once during the months of January through April. It would have been useful if patients were evaluated at different times of the year to determine the effects elicited by seasonal changes on vitamin D levels.
In conclusion, regardless of age, race or geographic location, suboptimal vitamin D status seems to be an important issue facing the world today. However, inter-laboratory variation of serum 25(OH) D measurements may hinder comparisons between different populations. The etiology of the high prevalence of vitamin D deficiency in our study is multifactorial, where lack of sunlight exposure and inadequate diet are the most important factors. To prevent an increase in incidence, raising awareness of the importance of vitamin D and health education should be enhanced. Because there is a problem with obtaining vitamin D from natural sources, it is important to encourage combined calcium and vitamin D supplements (tablet or drop form) for all Saudi females regardless of risk level as maintenance dose after correcting deficiency and follow-up are crucial. This intervention is both simple and inexpensive, and it may lead to improvement in bone structure and protect from non-musculoskeletal complications.
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